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AND AN ALL-MOVABLE HORIZONTAL TAIL - LONGITUDINAL 
AND LATERAL, CHARACTERISTICS 


By David G. Koenig 
SUMMARY 


An investigation has been made to determine the low-speed large- 
scale characteristics of an aspect ratio 3 trisngular-wing airplane 
model. The complete model consisted of the wing in combination with а. 
fuselage of fineness ratio 12.5; а thin, triangular vertical tail with 
а constant-chord rudder; and а thin, unswept, all-movable tail (aspect 
ratio of approximately 4). The wing had ап NACA 0005 (modified) sec- 
tion and was equipped with partial-span, slotted, trailing-edge flaps 
of constant chord. Tests of the model at zero sideslip were made with 
the horizontal tail at each of three vertical positions (0, 0.21, and 
0.41 wing semispan above the extended wing-chord plane) at one fixed 
longitudinal distance behind the wing. The characteristics of the 
model in sideslip were investigated with the tail in the extended wing- 
chord plane. In addition, a limited investigation was made on the use 
of flaps or the horizontal tail as a lateral-control device. The aver- 
age Reynolds number, based on the wing mean aerodynamic chord, was 
12.8 million and the Mach number was 0.13. 


INTRODUCTION 


Wind-tunnel tests at subsonic and supersonic speeds have been made 
Por small-scale, aspect ratio 3 triangular wings. In order to extend 
the scope of data on the aspect ratio 3 triangular-wing plan form to 
that of large scale, an investigation has been conducted in the Ames 
40- by 80-foot wind tunnel. 


и 
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For purposes of paralleling previous investigations of airplane 
configurations with aspect ratios 2 and 4 triangular wings in the 
40- by 80-foot wind tunnel (refs. 1, 2, and 3), an aspect ratio 3 tri- 
angular wing with an МАСА 0005 (modified) section equipped with 
trailing-edge partial-span slotted flaps of constant chord was tested 
in combination with а fuselage, vertical tail, and horizontal tail, 
This combination was identical to that used in the previous investi- 
gations. In addition to symmetrical control deflections, the flaps and 
horizontal tail were deflected &symmetrically and а limited investi- 
gation of their use ав lateral-control devices was made. 


The results are presented herein without analysis in order to 
expedite publication. 


NOTATION 


Figure l shows the sign convention used for presentation of the 
data. А11 control-surface deflections are measured іп а plane perpen- 
dicular to the hinge or pivot line of the control surface. 


b wing span, ft 
be wing-flap span (movable), ft 
Dy horizontal-tail span, ft 
с wing chord, measured par&llel to wing center line, ft 
с mean aerodynamic chord of wing, measured parallel to wing 
2 
J /* сгау 
center line, ———O ft 
f b/2 à 
о = Gy 
Съ drag coefficient, drag/qg 
Съ rolling-moment coefficient, rolling moment /qSb 
Ст. lift coefficient, lift/qS 
Cm pitehing-moment coefficient, pitching moment /gSe 
m yawing-moment coefficient, yawing moment/qSb 


Cy Side-force coefficient, side Рогсе/а5 
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D total drag, ib 

i+ horizontal-tail incidence relative to the wing-chord plane, deg 

it distance from moment center to pivot line of the horizontal 
tail, ft 

L total lift, 1b 


L/D lift-drag ratio 
р rate of rolling, гай1апв/вес 


pb/2V wing-tip helix angle, radians 


q free-stream dynamic pressure, lb/sq ft 

5 wing area, ва ft 

бр trailing-edge-flap area (total movable), sq ft 

S+ horizontal-tail area, sq ft 

ү free~stream velocity, ft/sec 

x longitudinal coordinate parallel to model center line, ft 

у lateral coordinate perpendicular to plane of symmetry, ft 

2 vertical coordinate perpendicular to wing-chord plane, ft 

a angie of attack of the wing-chord plane with reference to free 
stream, deg 

а rate of change о? wing-section angle of attack with control- 
surface angle for constant section lift 

В angle of sideslip о? the model plane of symmetry with reference 
to free stream, deg 

бр average flap deflection with reference to the wing-chord plane, 
deg 

97 difference in deflection between а pair of control surfaces used 


аз lateral controls, positive when left-hand control has more 
positive deflection, deg 
(Sub-subscripts denote the control used: f, flaps; t, hori- 


zontal tail.) 
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Sr rudder deflection, deg 
Єдү &verage effective downwash, deg 


C; _ 9 _ 

р Ə(pb/2v) 
S 

В OB/ во 


^ (5) 
Bg ОВ 8-0 
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ж ( 
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DESCRIPTION OF MODEL 


Pertinent geometric data are presented in table I and figure г, 
апа а photograph of the model is shown in figure 3. 


Тре wing had ап actual aspect ratio of 2.99 апа МАСА 0005 (modified) 
sections parallel to the model center line. The modification to the 
МАСА OOO5 sections consisted of а straight line fairing from the 
67-percent-chord station to the trailing edge. The ordinates of the 
МАСА 0005 (modified) section are presented in table II. 


Because of the construction techniques used for the model, the 
ordinates of the actual wing section on а portion of the wing plan 
form were less than the ordinates of the NACA 0005 (modified) section by 
ап amount not exceeding 0.1 percent of the local wing cbord. The area 
on the wing plan form for which this deviation existed is shown in 


figure 1. 


The wing was equipped with partial-span constant-chord slotted 
flaps which extended from 14.8 to 76.9 percent of the wing semispan. 
Dimensional data concerning the flap and slot profile ахе presented 
in figure 5. 


The fuselage, vertical-tail, and horizontal-tail configuration was 
identical to that described in reference 1. The fuselage coordinates 
are listed in table III. А constant-chord rudder was installed on the 
vertical tail and had a plain radius nose and a small, unsealed gap. 


MST ТОТАШ) 


МАСА RM А52125 у” 5 


The horizontal tail was installed at each of three vertical positions 
(2/(Ъ/2), of 0, 0.21, and 0.41 from the wing-chord plane). Hereafter, 
these tail positions will be referred to &s low, middle, and high 
positions, respectively. 


TESTS 


Longitudinal characteristics were obtained with the model at zero 
Bideslip. Tests were made with the horizontal tail off апа with the 
tail installed in the low, middle, and high positions for various tail 
incidences. Tests were also made with the tail in the low position for 
a flap deflection of 46°. For purposes of aiding in the comparison of 
the longitudinal characteristics of the model with the horizontal tail 
at each of the tail positions, moment center locations were chosen such 
that a value of (aCcg/8Cr)o. 0 = -0.06 would be obtained with the flaps 


and the horizontal tail undeflected. These moment centers were located 
at 43.6, №1.1, and 48.5 percent of the mean aerodynamic chord for the 
low, middle, and high positions, respectively. 


The characteristics of the model in sideslip were investigated by 
making tests with varying angle of attack at 6° and 12° sideslip, and 
with varying angles of sideslip for 0°, 6°, 12°, 18°, and 24° angle of 
attack (nominal values). Sideslip data were obtained with the tail off 
and with the tail installed in the low position for flap deflections of 
O° and 40°. For all sideslip data, a moment center location of 
13.6 percent с was used. 


Two means of lateral control were given а limited investigation, 
namely, asymmetrically deflected trailing-edge flaps and horizontal 
tail. The investigation was primarily concerned with lateral-control 
effectiveness at high trim lift coefficients. Tests were made with the 
complete model and with the horizontal tail off in order to determine 
the effect of the tail on the lateral-control effectiveness of the flaps. 


In order to evaluate the effectiveness of the rudder and to deter- 
mine the magnitude of the lateral-directional control interference, 
between the rudder and the horizontal tail, tests were made with the 
rudder deflected in combination with either а symmetrical or ап авуш- 
metrical deflection of the horizontal tail. 


Тре data were corrected for wind-tunnel-wall effects amd support- 
Strut interference, 


The Reynolds number of the tests was 12.8 million. The dynamic 
pressure was approximately 25 pounds per square foot and the Mach 


number was O.13. 
Ра ра. А 
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RESULTS ` 


А summary о? the configurations investigated is presented in 
table IV which also serves as ап index to the basic &erodynamic data 
presented in figures 6 through 20. 


А comparison of lift, drag, and pitching-moment characteristics of 
the wing-fuselage vertical-tail combination with those predicted by the 
theory of reference 4 for the wing alone is presented in figure 21. 


The variation of ACr, due to 40° flap deflection with a is 
given in figure 22. In addition, the variation of ACT, as predicted 
by reference 5 is presented. Values of ов used in the computations 
were obtained from the curve of figure 3, reference 2, for the case of 
the gap sealed and а flap deflection range of 0° to 20°. Computations 
of Абт, were based оп the span of the flap actually deflected. 


The effect of tail height on the longitudinal-stability character- 
istics of the model is presented in figure 23. The variation of the 
average effective downwash with angle of attack is presented in 
figure 24 to show the source of the effect of tail height on the longi- 
tudinal stability of the model. The downwash data were derived by 
using the pitching-moment curves of figures 6, 7, and 8. The values 
were determined by the relation, €y = а + 14, where а is the angle 
of attack at which the tail-on and tail-off pitching-moment curves 
intersected. Та order to obtain points of intersection for tail 
incidences other than those tested, a linear variation of dCm/diş was 
assumed. This assumption is substantiated by the data of figure 9. 


The trim lift апа drag characteristics for the model with the 
horizontal tail at the low position are presented in figure 25. These 
irim data were derived from the data of figure 9. Curves of constant 
gliding and sinking speed based on а wing loading of 30 pounds per 
square foot аге superimposed on the drag curves of figure 25. 


The derivatives Ств, Сан» апа CYg are presented in figure 26 for 


the model with the horizontal tail off and on, for flap deflections of 
09 апа 409. Тһе values were obtained from the data of figures 11, 13, 
and 15 for the condition of zero sideslip. 


The increments of С), Си, and Cy per degree of total lateral- 
control deflection of the flaps and of the horizontal tail аге pre- 
sented in figures 27 and 28, respectively. The rolling effectiveness 
of both lateral-control devicèn ав predicted by the theory of refer- 
ence 6 is also presented in figures 27 and 28. Values of pb/2V for 
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each type of lateral control deflected to б, = 10° аге given in 
figure 29. Values of Сір were obtained from the experimental data 


in reference 7 for an aspect ratio 3 triangular-wing-alone model. 

Values of pb/2V were obtained by dividing the experimental increments 
of rolling moment for a total aileron deflection of 10° by corresponding 
values of Min as obtained from reference 10. 


The increments of Съ, Су, and Cy рег degree of rudder deflection 
for the complete model at zero sideslip are presented in figure 30. 
The increments shown are for differential deflections of 09 and 209 of 
the horizontal tail. 


Ames Aeronautical Laboratory, 
National Adyisory Committee for Aeronautics, 
Moffett Field, Calif. 
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TABLE Т.- GEOMETRIC 


Wing 


Area, ва ft . « © « © © < < © s ә» on „э n 
Span, ft . . . сала d uw x 
Mean ета ааа chord, £t ж: жож. x в 
Aspect ratio 
Taper ratio . . . a à А ным ЧИС 
Airfoil section sara el to model 
center line . . . s s o sə © e s o « « 


Fuselage 


Length, ft a е Фе a * % ә ° е ° a е е е 
Maximum diameter, ft . .. « © « « < o 
Fineness ratio . a . « s - <s «^ e > è e 


Vertical teil 
Exposed area, sq ft . « .. +s +s < +< < o 


Aspect ratio of plan form, extended 
to model center line . . . . a s < o 


Taper ratio . . . - . š Ke e: e ws 
Airfoil section parallel io model 
center line... ° cup: Mee ay VE. % 


Rudder area (exposed), Bü ft 
Slotted, trailing-edge flaps 


Chord (percent wing chord at fuselage 
Center line) ux. xd ww Xx. ше Ж 

Se/S (total movable) ......... 

bg/b (total movable) ......... 


Horizontal tail 


Low position 


CU M P 
ББС a tec i as qe о и GG лес SE чё ЛЫ ча 
14/5 (moment center at 0.1366) ... 
ASpecLt r&tiO w é a « s w «SA я x 9 
Taper ratio s чов «© e © © © e ww s 
ЧРИ 


DATA 


313.76 


30.64 
13.65 
2.99 
0 


0005 (modified) 


0005 (modified) 


12.87 
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TABLE Т.- GEOMETRIC DATA - Concluded 


position 


С (moment center at 0.441¢) 
Aspect ratio «ос « « «© <s < = o 
Taper ratio . вее « +s s < o o 


(ВО) наживо жы е 


High position 


VN О, ызы ара Жуй йлы 9 
DED Jalisa жола VAT де th Je a 
L5/C (moment center аф 0.4856). 
Aspect ratio . & +s « « = о o e 
Taper ratio , + » +s « <= < <= <= ù 
о QE PME: 
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TABLE II.- COORDINATES OF THE NACA 0005 
(MODIFIED) SECTION 


Station Ordinate 
(Percent chord) (Percent chord) 


9998888888888898uY 


F: 
© 
O 
° 


І.Е. radius: 0.2T5-percemt chord 
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TABLE IIT.- BODY COORDINATES 


[Stations and redii in percent 
of the total length] 


11 (а) 
(ъ), (с) 


12(а), (ъ) 
13(a), (b) 
(c) 
1а), (D) 


15(а), 
(ъ), (с) 


16(a), (b) 


17(а), 
(ъ), (с) 


18(а), (b) 


19(a), (b) 


eo(a), 
(в), (с) 


TABLE IV.- SUMMARY OF CONFIGURATIONS INVESTIGATED 


[W, wing; Е, fuselage; V, vertical tail; HL, НМ, HH, horizontal 
tail at low, middle, апа high positions, respectively] 


Control deflection, deg 


а, 
Configuration т В дед Data 
ера [a БЕЛЕ? deg 
Се [aes анъ 
_ Ó | 


-2 to 25 Су, VB а, Cp, Cy 


“ардан o, №. 


0 
n 


WHF +V+HL | 


о | 2 0 09 | Cr Y8 Ср, Cm 


9 
Cr, VB 0, Cp, Сұ» 
0,6 12,18, Crs Ст, Cm’ С), 
— ma Cn Oy và B 


H 


Ст ув a, Ст, С 
E L » “Ds "m? 
0,6,12, D» C Cp» Cm? Сі, Cr, 
Ст, VA а, Cp, Cm 
e [oo 9 обла | вов | Ы 
Cp Cp, Cm Ст, 
Менге ang $ 20 ail off = Ст, Б а, Ст, Cn? Co 
е ДЕ ea s |» [258 таа 
W+F+V¥ and = 0,6,12,18, Сі, Су Ст» C» Cn? 
нант EE] ° [ew |ы Cy ve В 
Ст ув а, Ст, Cr, С 
n? "Y 
C+ ув а, бу C C 
“2 to L ? » “т "1? 
УЫ NLBLL жаа 


W+F+V+HL 
0,0,12,10, Ст, Ст, См, Съ» Cn» 


í 


сттест ИЧ VOVN 


£T 
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Figure /— The 50” Convention used in presentation of the 
coefficients, angles, and contro} - surface deflections are 
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22.5/ 


Moment center location 


Tail position x 
Low 2.54 
Middle 2.6/ 


High 3. 2/ 


Intersection of pivot line 


Dimensions shown in fee? and plane of symmefry 
unless otherwise noted for the three horizontal 


fail positions Sa 


Figure 2.— Geometric details of the model. 
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—— Model center line 


Area of plan form with 
section arbitrarily faired 
with а maximum of Oti- 


percent- chord deviation. 


Nofe: All dimensions 
ore in feet. 


Contour of fuselage at “NAGA 


| wing chord plane 


Figure 4.— The area on each wing panel of the model where 
the wing section deviates slightly from Ре NACA 000$ 
(modified) section. 
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L— 23.56 from T.E. of wing 


РС sj End of slot lip 
=== 
=P ИП 222 


48222525223: 


cers 20° stoe) | 


A ETN TR 
ET E АИИ 


Ordinate 


Wing chord line 


intersection of flap hinge 
line and section plane when 


flap is deflected fo angles 


, shown. 
Station О 


4 
Flap station 


Section of flap nose shown 
paralleli to model center line 


d coordinates for 
spanwise station 


DARA 
= Тайе | 222 


Dimensions shown 
іп inches 


Center of L.E. are 
| 


L.E. radius: O./7 | 


Figure 5.— Geometric data of те flap and slot profile used on те 
trailing-edge, constant- chord, slotted flaps. 
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Figure T- Longitudinal characteristics of the model with the horizontal tail in the middle 
position. 
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Figure 8.- Longitudinal characteristics of the model with те horizontal tail in the high 
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Figure 9.— The effect of the horizontal fail т the low position on The fongiludinal characterishes of the 
model for two flap deflections. 


23 


24 


PRESS USES ERS Sy 


CoO RSP HI HE P 
COORDS 


y 

tb 

5 

А 

СЪР Б 9 
- M ARR - ЕТЕ Ё 
Шыны тмин ши? j 
ч 
Vs 
5 
° 
`š 


Винни, “чин 
ЕЕЕ, 


~ 


o 


МАСА ВМ 452105 


(b) д,, 40° 


Figure 9 
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Lift coefficient, C, 


Drag coefficient, Ср 


б, 
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Angle of sideslip, B, deg 


(0) б, Cp vs L 


Figure //— Characteristics of the model in 
sideslip without те horizontal ғай. 
Moment center, 0.4366. 
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loading of ЗО pounds per square foot. 
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